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I I I -V Electronics & 
Optoelectronics at IMEC 
G. Borghs 
IMEC (Interuniversity Microelectronics Centre) is one of Europe's largest independent 
microelectronic research institutes. Its activities comprise both fundamental research and 
application-oriented research in design methodologies for VLSI, advanced semiconductor 
processing, microsystems, and novel materials research. The emphasis is on silicon (see 
sidebar on page 45) but 60 researchers out of a total research staff of 500 work on Ill-Vs. 
This group is divided into three sub-groups respectively devoted to novel materials and 
components research, MMIC, and optoelectronics. 
T 
he role of IMEC as interface 
between university and indus- 
try is well reflected in the 
research on III-Vs. Work on optical 
thyristors is carried out in collabora- 
tion with the University of Brussels, 
work on MMIC and magnetic materi- 
als in collaboration with the Univer- 
sity of Leuven and optoelectronics i  
carried out at the INTEC department 
at the University of Ghent, a research 
group fully coordinated with IMEC's 
R&D activities. 
Several partners grouped their ex- 
pertise in device simulation, technol- 
ogy and HF character izat ion to 
acquire a coherent picture of the 
device physics at these very small 
length scales. Although the project 
orientation was rather fundamental, 
it laid down the base for further 
applications-oriented developments 
which are still ongoing. Apart from 
nanoscale gates, there is also some 
interest in quantum wire FETs and 
one-dimensional transport in general. 
On the technology side, this work 
involves mainly nano l i thography 
(with e-beam and optical hologra- 
phy) and dry etching. The latter is 
also being applied to the gate recess 
of submicron InP HEMTs. 
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Novel  Mater ia ls  and 
Components  
Molecular beam epitaxy at IMEC 
started late 1985 with the installation 
of our first Riber system in the new 
clean room. Growth of III-V materials 
for fast electronic applications was at 
that time the driving force although 
specific optoelectronic research was 
also done, e.g. infrared detectors 
based on Sb compounds and optical 
thyristors for optical interconnects 
over small distances. A most impor- 
tant topic in the novel materials and 
components group is the integration 
of different materials ystems, e.g. III- 
V semiconductors, compound (ferro- 
magnetic, superconducting) metals 
and metal-oxides via heteroepitaxy 
or via epitaxial lift-off techniques. 
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Figure 1. MnAs 
magnetic clusters 
in GaAs. 
This last technique is applied in the 
monolithic integration of high tem- 
perature superconduct ing passive 
microwave components with III-V 
materials in a European basic re- 
search project. This research is also 
driven by microsystem applications. 
The interaction of magnetic mate- 
rims and compound semiconductors 
is one of the attractive future direc- 
tions for materials cience as well as 
for device applications. Epitaxial 
magnetic thin films are an essential 
part of that evolution. Improved 
control over the growth procedure 
and interfaces enabled the study of 
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Figure 2.Calculated spectral intensity of the microcavity RTLED for various emission angles. 
MMICs 
Work on III-V electro- 
nics has been going on 
at IMEC since the early 
eighties and is super- 
vised by Marc Van Ros- 
sum. In 1986, a complete 
processing line for de- 
vices and circuits was 
instal led in the new 
clean room and until to- 
day it has been the cen- 
tral tool for this activity. 
The main theme is the 
development of high fre- 
quency devices and cir- 
cu i t s  fo r  space  
applications. This pro- 
gramme is carried out 
in close col laborat ion 
with the Electrical Engineering De- 
partment of the University of Leuven 
and with the ESTEC centre of the 
European Space Agency, as well as 
with interested partners from the 
industrial sector. At present, work is 
concentrating on HEMT-MMIC tech- 
nology on GaAs and InP. Device 
layers are pseudomorphic AIGaAs/ 
InGaAs heterostructures on GaAs 
and latt ice-matched and pseudo- 
morphic AIInAs/InGaAs layers on 
InP. The devices, having T-shaped 
gates down to 0.15 ~tm, are optimized 
for very high-frequency, low-noise 
applications. GaAs PHEMTs are cur- 
rently used in MMIC designs in- 
tended for space telecom in the Ku 
and Ka band, such as low noise 
amplifiers and HF oscillators. To 
support these designs, both small- 
signal and large-signal HEMT models 
based on in-house transistors have 
been developed. For the MMIC inte- 
gration of InP HEMTs, a switch was 
made from microstrip to coplanar 
design. Broadband amplifiers operat- 
ing up to 60 GHz have been realised 
using this approach. Due to the 
requirements of space applications, 
reliability of both devices and circuits 
is emphasised and a technology- 
evaluation programme is presently 
under way. An extension of the 
project towards power devices is 
scheduled for next year. 
Longer-term research involves na- 
noscale structures and devices. Work 
on these topics orginated from an 
ESPRIT Basic Research project ("NA- 
NOFET"), of which IMEC was the 
prime contractor. The main goal was 
to study the scaling behaviour of 
magnetic oupling effects in epitaxial 
ferromagnetic superlattices such as t- 
MnAI/Co on GaAs. The research in 
dilute magnetic semiconductors and 
in nano-magnetism was extended 
towards the formation of magnetic 
nanopar t i c les  in semiconductor  
layers. The TEM cross-section in 
Figure 1 illustrates the uniform dis- 
tribution of MnAs magnetic sphere- 
like particles in GaAs that reveal 
superparamagnet ic  behav iour  at 
room temperature. 
Spin-transport structures are stu- 
died for their device potential. Be- 
s ides the deve lopment  of  the 
technology for the fabrication of 
spin-injection devices, magnetic sen- 
sors from metallic magnetic films are 
evaluated for use as, for example, 
current sensors. 
We developed a novel optoelectro- 
nic switch which will be able to 
transfer electronic data on a silicon 
VLSI chip into optical data on an 
optical bus and vice-versa. Such 
device will be the key component 
for the realization of an optical multi- 
chip module (MCM) in which the 
chips are in terconnected via an 
opt ical  bus. The optoe lec t ron ic  
switch capable of optical-to-optical, 
optical-to-electrical and electrical-to- 
optical data conversions i based on a 
differential pair of depleted optical 
thyristors. We have already demon- 
strated that this device switches with 
a mere 30 000 photons (7 fJ) at 
bitrates up to 50 Mbit/sec. It has the 
unique property that the required 
optical input energy does not in- 
crease with the operation frequency. 
This will allow to obtain 1-fJ opera- 
tion at 150 Mbit/sec in the near 
future. Furthermore, the fabrication 
of the switch is extremely simple and 
it is very compact  compared to 
competing devices. These assets per- 
mit integration of switches into 
arrays, to obtain massively parallel 
interconnects. Fully functioning ar- 
rays of 8x8 and 16xl6 switches have 
already been fabricated. 
Our work on resonant-tunnelling 
light-emitting devices (RTLEDs) has 
yielded improved .characteristics in 
the third year of its Basic Research 
Project carried out in collaboration 
with European groups within the 
PARTNERS program. In particular 
we achieved wavelength tuning (up 
to 80 nm), opt ica l  p icosecond 
switching and maximized quantum 
efficiency. The latter can be advanta- 
geously achieved using either a full- 
wavelength or haft-wavelength mi- 
crocavity approach. 
Not only does this increase the 
external  quantum eff ic iency (by 
more than a factor of 8), the direc- 
tionality of the emission is also 
strongly enhanced (see Figure 2). 
Work on micro-cavity LEDs is also 
done in collaboration with INTEC 
(see further) where recently a micro- 
cavity InGaAs/GaAs strained quan- 
tum well LEDs have been fabricated 
having record external quantum effi- 
ciencies of 20% at 904 nm. Power 
outputs in the order of 1 mW at 5 mA 
were obtained. This becomes com- 
parable with the best laser diodes 
which have threshold currents of 
2 mA and a differential quantum 
efficiency of over 35% resulting in 
power outputs of 2 mW at 5 mA. 
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Figure 3. Distributed cascode amplifier using dual gate lattice matched HEMTs on InR 
HEMT devices down to the sub-O.1 
micron gate length scale. Several 
partners grouped their expertise in 
device simulation, technology and HF 
characterization to acquire a coher- 
eut picture of the device physics at 
these very small length scales. 
Although the project orientation 
was rather fundamental, it laid down 
the base for further applications- 
oriented developments which are 
still ongoing. Apart from nanoscale 
gates, there is also some interest in 
quantum-wire FETs and one-dimen- 
sional transport in general. On the 
technology side, this work involves 
mainly nanolithography (with e-beam 
and optical holography) and dry 
etching. The latter is also being 
applied to the gate recess of sub- 
micron InP HEMTs. 
Figure 3 shows a distributed cas- 
code amplifier using dual gate lattice 
matched HEMTs on InP. 
Optoelectronics at 
INTEC 
The optoelectronic technology re- 
search of the Department of Informa- 
t ion  Techno logy  ( INTEC -- 
University of Gent) is coordinated 
by IMEC. The activities are mainly 
focused on the developement of 
basic III-V processes and their appli- 
cation to the fabrication of optoelec- 
t ron ic  devices and in tegrated 
circuits. INTEC uses MOVPE coordi- 
nated by Piet Demeester for the 
growth of CcaAs and InP based layer- 
structures and more recently also for 
GaN blue materials. A standard pro- 
cessing line led by Peter Van Daele is 
available including photolithography, 
metallisation and wet and dry etch- 
ing. Special emphasis is put on the 
developement of new processes for 
f ibre mount ing  and f l ip -ch ip  
integration. 
The study of the MOVPE growth on 
patterned substrates has been one of 
the most important research topics 
for many years now. The growth on 
shadow masked substrates has re- 
cently resulted in the fabrication of 
InP laser diodes emitting around 
1.55 ima and having a high coupling 
efficiency with monomode optical 
fibers (3 dB loss compared to 8 dB 
for standard laser diodes). This was 
achieved through the integration of 
an adiabatic taper with the laser 
diode. The shadow masked growth 
technique was also used for the 
fabrication of mult i -wavelength 
Fabry-Per6t laser arrays in the 0.85 
and 1.55 lma region. Low threshold 
currents (below 10 mA) were ob- 
tained for a wide wavelength range 
(up to 130 nm around 1.55 pan). The 
growth of low dimensional structures 
on sub-micron gratings has resulted 
in crescent-shaped high quality quan- 
tum wires and vertical quantum, 
wells. The vertical quantum wells 
are formed uring the growth of bulk 
AlC_eaAs on sub-micron gratings and 
they are located vertically above the 
bottom of the V-grooves. They have 
been investigated by Thomson CSF 
(France) using far infrared absorp- 
tion. Strong intersubband transitions 
have been observed for the first time 
(around 12 ~tm). The measurements 
also clearly proved the quantum well 
properties of the vertical structures. 
The major advantage of vertical 
quantum wells for far infrared inter- 
subband absorption is the possibility 
to use top illumination. This has been 
a major technological problem for 
the current infrared detectors based 
on classical (horizontal) quantum 
wells. The growth on submicron 
gratings resulted recently also in the 
realisation of GaAs/AIGaAs DFB (Dis- 
tributed FeedBack) lasers. In contrast 
to the worldwide used technology it 
was possible to fabricate the lasers in 
a single growth step process (includ- 
ing for the first time At0.6Gao.4As 
cladding layers) and resulting in the 
lowest emission wavelength (780 
nm) reported so far. 
The fabrication of laser diodes has 
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Figure a. Electro-optic EMC-probe is an example of a device flip-chip mounted and 
coupled to a fibre 
also been focused on one side on the 
improvement  of the performance 
and on the other side on the im- 
provement of the yield during pro- 
cessing of the devices. The main 
emphasis hereby lies on the fabrica- 
tion and study of arrays of laser- 
diodes, to be used in parallel optical 
links. A simplified processing scheme 
for laser diodes is used for the GaAs/ 
AIGaAs/InGaAs strained quantum 
well material system and a buried 
heterostructure for the InP/InGaAs/ 
InGaAsP material system. By working 
on both material  systems, laser- 
diodes can now cover the whole 
wavelength range from 750 nm to 
1.7 ~tm, all with threshold currents 
below 10 mA. The lowest values (Ith 
= 1 mA) are obtained for the GaAs/ 
AIGaAs/InGaAs strained quantum 
well laser diodes. Threshold currents 
remain below 5 mA for uncoated 
facets while the CW output power, 
measured at room temperature with- 
out cooling of the laser diode, rises to 
100 mW at a driving current of 
200 mA. The high yield of the 
processing and the reproducibility 
make fabrication of large arrays of 
individual addressable laser diodes 
possible. Such arrays are currently 
already used at different laboratories 
in experimental set-ups. One of these 
is the fabrication of prototype trans- 
mitter modules for optical intercon- 
nection based on the fibre-in-board 
technology. 
In most telecom applications, how- 
ever, the laser diode must be coupled 
to a fibre and this is still one of the 
difficult steps in mounting and packa- 
ging laser diodes. Using V-grooves, 
etched in Si-motherboards, and flip- 
chip mounting of the laser diodes, 
the group has now developed a 
technology by which arrays of laser 
diodes are aligned (passive align- 
ment) and connected to multimode 
fibre ribbons. The technique will be 
further adapted to allow single-mode 
fibres to be used. One example of a 
dev ice  f l ip -ch ip  mounted  and 
coupled to a fibre is an electro-optic 
EMC-probe, see Figure 4. 





Tel: [32] 16 281 287. 
Fax: [32] 16 281 501 
Email: borghs@ imec.be 
Phantoms U, 
A New Start 
Thanks to the joint efforts of the 
72 project partners and the con- 
tinuing support of the CEC, the 
PHANTOMS II program has been 
finalised in a document hat forms 
.the technical base of the new 
project contract. 
The main goal is to support and 
coordinate European research in- 
itiatives in the field of mesoscopic 
systems, both at the fundamental 
and the applied level. The coordi. 
nation efforts will be focused on a 
selected range of R&D activities, 
which are expected to strategi- 
cally impact on future develop- 
ments in the mesoscopic domain 
their long term applications: 
• quantum electronics (coordina- 
tor: L. Molenkamp) 
• nanometre scale optoelectronics 
(co-ordinator: A. Forchel) 
• nanotechnology (coordinator:  
P. Vettiger) 
e nove l  c i rcu i t  a rch i tec tures  
(coordinator G. Mahler) 
Please turn the page for a feature 
on the Phantoms programs.  
Pa0e071  IVogNo3 
?~?~i? ~ %~i~ i iiii I l ~ i~ iil ~~ !i i i  III ~~i . . . . . .  i i ! iii i~ !i i ili~ ili~ i ¸ I~I ~~ilill¿¿,i !  ii~i, iI i i i iill ~ii~ i i i~i I ¸ ~¸¸  ¸" ii i ii i iiiii~ i i ~ i ii ii i~i ~i iili I!~I~  ~¸ ¸¸ ¸¸  ¸~ 
~ i i ~ !!i~i~i~!~ i !i il i~ 
~i~i~ii~i~i~i~!~i?~  ~ ~ ~ ~ ~ ~ ~ ii~i~! I~!IIII 
~ ~ ~ i ~ ~i~i~i I~ 
ii~i~i?!i~i~i!~i ! ~ i~ ~ ~i~ i~ i  ~ ~ ~ ~i~!~i i~  ~ 
Page 68 I ~  I Vol 9 No 3 
